Purpose: medication problems are thought to cause between 10 and 30% of all hospital admissions in older people. This systematic review aimed to evaluate the effectiveness of interventions led by hospital or community pharmacists in reducing unplanned hospital admissions for older people. Methods: eighteen databases were searched with a customised search strategy. Relevant websites and reference lists of included trials were checked. Randomised controlled trials were included that evaluated pharmacist-led interventions compared with usual care, with unplanned admissions or readmissions as an outcome. Two authors independently extracted data and assessed methodological quality. Results: twenty-seven randomised controlled trials (RCTs) were identified; seven trials were excluded. The 20 included trials comprised 16 for older people and 4 for older people with heart failure. Interventions led by hospital pharmacists (seven trials) or community pharmacists (nine trials) did not reduce unplanned admissions in the older population (risk ratios 0.97 95% CI: 0.88, 1.07; 1.07 95% CI: 0.96, 1.20). Three trials in older people with heart failure showed that interventions delivered by a hospital pharmacist reduced the relative risk of admissions. However, these trials were heterogeneous in intensity and duration of follow-up. One trial had a high risk of bias. Conclusions: evidence from three randomised controlled trials suggests that interventions led by hospital pharmacists reduce unplanned hospital admissions in older patients with heart failure, although these trials were heterogeneous. Data from 16 trials do not support the concept that interventions led by hospital or community pharmacists for the general older population reduces unplanned admissions.
Background
Increasing the role of pharmacists in initiatives to improve health and reduce health inequalities has been a target of the UK government since 1996 [1] . Key features of the UK government strategy include the role of the pharmacist in the prevention, identification and reporting of medication errors. In addition, pharmacists contribute to the care of people with long-term conditions by encouraging the effective use of medicine, promoting healthy lifestyles, supporting self-care, carrying out medication reviews and managing disease systematically within multi-professional teams [2] . The strategy is aimed at all pharmacists including those working in the community, GP surgeries, hospitals, primary care trusts and strategic health authorities.
Older people (over the age of 60 years) using multiple medications may be at a greater risk of medication-related problems commonly caused by avoidable adverse reactions, interactions and poor adherence [3] . Medication-related problems are thought to cause between 10 and 30% of all hospital admissions in older people [4] . Estimates of non-adherence among the elderly vary from 21 to 55% with 11% of admissions attributable to non-adherence [4] . Therefore, The National Service Framework for older people recommends annual medication reviews to reduce medicine-related problems and the NHS plan has proposed that pharmacists should play a key role in this [5] .
Recent reviews have assessed the role of pharmacists in both primary and secondary care [6] [7] [8] . However, these reviews have not investigated the effect of pharmacist interventions on unplanned hospital admissions in older people. Thus, the aim of this review was to examine the impact of interventions led by pharmacists on reducing unplanned admissions in older people.
Methods
This systematic review was carried out across a wide range of electronic databases from inception to June 2010 (Supplementary data are available in Age and Ageing online, Table S1 ) to identify trials where the intervention was pharmacist-led or where pharmacist had a key role, and the primary or secondary outcome was to reduce unplanned hospital admissions or readmissions in older people. The review was conducted in accordance with PRISMA guidelines.
Inclusion criteria
Inclusion criteria were randomised controlled trials (RCTs) of pharmacist-led interventions conducted in primary or secondary care in which one of the outcomes was the number of unplanned admissions or readmissions that were either published in English or had an English abstract and that were carried out in an Organisation for Economic Co-operation and Development (OECD) country [9] . This latter criterion was chosen so that the results could be broadly applicable to the UK and other similar health systems. Unplanned/emergency or unscheduled hospital admissions were defined as 'admission or readmission that was not previously planned or scheduled or "elective"'. Older people were defined as those aged 60 years or over.
Searches
The search strategy (Supplementary data are available in Age and Ageing online, Table S2 ) was designed in OVID Medline using a combination of text words and Medical Subject Headings. Using a set of key papers known to the group, the strategy was further refined to ensure a good balance of sensitivity and specificity. For the rest of the databases, search terms were adapted according to the search capabilities of each particular database.
The following websites were searched using the key term of 'hospital admissions'.
Agency Reference lists of all included trials and previous systematic reviews were checked for additional relevant publications. The flow of information through the review is presented as a PRISMA flowchart (Figure 1) .
Data collection and analysis

Selection of studies
Two reviewers independently screened each reference title and abstract (if available) for relevance to this review. Where there was disagreement, a third reviewer made the final decision.
The full article was obtained for RCTs included from the first round of screening. The second round of screening involved one of two reviewers assessing full articles based on the agreed inclusion and exclusion criteria. Only nonEnglish articles reaching the second round were translated in full to English. Exclusions were checked by a third reviewer at this second screen. Data were extracted by one reviewer, into Cochrane Review Manager Software version 5.1 and then checked by a second reviewer.
Assessment of risk of bias in included trials
The risk of bias was assessed in each study using the Cochrane risk of bias tool [10] . This is a domain-based evaluation, in which critical assessments are made over separately seven domains: sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessors, incomplete outcome data, selective reporting and other sources of bias. Using the Cochrane tool, each domain was rated as high, low or of unclear risk of bias.
Data synthesis
Outcome data in the included trials were reported in different formats: the total number of unplanned admissions or readmissions and the number of patients experiencing (single or multiple) admission or readmission. We attempted to contact authors if data were incomplete or were not in a usable form two of which provided information on the number of unplanned hospital admissions.
The outcome of number of patients with an admission or readmission was treated as dichotomous and using Review Manager Version 5.1; individual risk ratios were calculated. Total numbers of admissions were treated as count data and rate ratios calculated [10] . The total number of admissions was also dichotomised using the Poisson distribution to estimate the probability of one or more unplanned admissions, allowing calculation of risk ratios [10] . Both risk and rate ratios are presented with their 95% confidence intervals (95% CI). All trials were analysed within populations (i) by the location of the review (hospital or community) and (ii) across community and hospital settings by the duration of the trial.
If there were at least three trials in which admissions or readmissions were measured a meta-analysis was performed with a fixed or random effects model depending on the level of between trial heterogeneity estimated using the I 2 statistic [10] . Sensitivity analysis was performed as the data dictated [10] . 
Results
We identified 27 RCTs that examined interventions led by pharmacists for older people (Figure 1 ). After review of the full papers against the inclusion and exclusion criteria, a total of 20 trials were included [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . These were conducted in the UK (n = 9), elsewhere in Europe (n = 5), America (n = 3), Australia (n = 2) and Canada (n = 1). There were 16 trials of the general older population [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] and 4 trials of the older population with heart failure [27] [28] [29] [30] .
Trial characteristics
The interventions were all provided by pharmacists either in the hospital (10 trials) [11] [12] [13] [14] [15] [16] [17] [27] [28] [29] or in community settings (10 trials) ( Table 1 ) [18] [19] [20] [21] [22] [23] [24] [25] [26] 30] . Those studies conducted in the hospital setting consisted of pharmacists compiling accurate lists of patients medications either at admission or prior to discharge with recommendations provided to the physician in charge of care in either written or oral communications [11] [12] [13] [14] [15] [16] [17] [27] [28] [29] . In addition, eight of these trials also provided education and counselling to patients to address issues of adherence and increasing knowledge of their conditions and awareness of medications [13] [14] [15] [16] [17] [27] [28] [29] . In six of these trials, the intervention continued after discharge from hospital with either telephone-or home-based monitoring [15] [16] [17] [27] [28] [29] .
In community-based programmes, four of the trials were conducted in the pharmacy when a patient returned for a repeat prescription [24] [25] [26] 30] . These involved the pharmacist checking the items were required, compliance and any side effects or interactions. One study was conducted in the primary care physician office [23] . This intervention involved a structured medication assessment from the patient medical records. Written recommendations were provided to the physician with a pharmacist-physician meeting to discuss recommendations. The remaining five trials were conducted in the patient's home with recommendations provided to the primary care physician for action [18] [19] [20] [21] [22] . During the home visits, pharmacists assessed compliance, and any possible drug reactions and interactions, and removed any out-of-date drugs. In addition, they provided education and counselling about the medications and disease/conditions the patients had and compliance aids when required. Overall only 7 out of the 20 trials gave information on recommendations made or acted on by pharmacists. (Table 1) [11, 12, 14, 15, [19] [20] [21] .
Risk of bias
All 20 trials were at a high risk of performance bias because the nature of the intervention meant that personnel and participants could not be blinded (Figure 2 ). Only three trials were considered at low risk of bias in all remaining domains [17, 19, 23] . The domain in which bias could not be assessed most often was allocation concealment in which eight trials did not provide enough information for assessment [11, 14, 18, 20, [24] [25] [26] 29] . There was a high risk of other bias assessed in 10 trials which included possible contamination bias in four trials with the same pharmacists caring for both control and intervention groups, four trials lacked power to detect changes in admission rates and three trials recuited only half of the eligible patients into the trial [14-16, 18, 20, 21, 25-27, 29] .
Trials involving older people (n = 16 trials)
Seven of these trials used a hospital pharmacist [11] [12] [13] [14] [15] [16] [17] and nine used community pharmacists [18] [19] [20] [21] [22] [23] [24] [25] [26] . Overall these trials would be considered at a moderate risk of bias with only two of at low risk of bias [12, 17] (Figure 2) .
Of the trials using hospital-based pharmacists three trials included post discharge follow-up [15] [16] [17] . One trial followed up with a telephone call at 2 months to ensure adequate home management of medications [15] . The second trial used regular follow-up appointments at 1 week, 2-4 weeks, 2 months and 3 months post discharge [16] . The remaining trial used a hospital pharmacist for patients discharge planning, and community pharmacists for home-based follow-up at 7-14 days, with further visits arranged at their discretion [17] .
There was no effect on the number of unplanned admissions with inpatient intervention only (n = 4, pooled RR: 0.91; 95% CI: 0.79, 1.06), inpatient intervention with follow-up (n = 3, pooled RR: 1.01; 95% CI: 0.89, 1.15) or all hospital interventions (n = 7, RR: 0.97, 95% CI: 0.88, 1.07) (Figure 3a) .
Nine trials utilised community pharmacists [18] [19] [20] [21] [22] [23] [24] [25] [26] . These studies were judged overall to be at a moderate risk of bias ( Figure 2 ). Three trials were conducted in the pharmacist's shop or office when the patient attended for a repeat prescription [18, 25, 26] . In five trials, the pharmacists conducted home visits and used the medical notes of the primary care physician [19] [20] [21] [22] 24] . The remaining trial conducted medication assessments by interviewing the patients in the primary care physician's office [23] .
There was no reduction in unplanned hospital admissions from these trials (n = 9, pooled RR: 1.07, 95% CI: 0.96, 1.20) (Figure 3b ). Removing the one study that was at high risk of bias did not alter these findings (n = 8, pooled RR: 1.08, 95% CI: 0.96, 1.21) [18] . These trials were also grouped by the time at which hospital admission data were collected at 3, 6 and 12 months. There was no effect on unplanned admissions at any of these time points: at 3 months the pooled RR for three trials was 0.73 (95% CI: 0.49, 1.06), at 6 months the RR was 1.16 (95% CI: 0.99, 1.35) for six trials and at 12 months the RR was 0.95 (95% CI: 0.81, 1.11) for six trials.
Trials involving the older population with heart failure (n = 4 trials) There were four trials which assessed medication review in the older population with heart failure [27] [28] [29] [30] . Three trials used pharmacists in hospital and following discharge [27] [28] [29] . The remaining trial involved community pharmacists only [30] .
The three hospital pharmacist trials provided follow-up of patients. Lopez et al. [27] monitored patients following discharge by telephone monthly for the first 6 months and every 2 months for the remaining 6 months. In Stewart et al. 183 Pharmacist-led interventions to reduce unplanned admissions for older people [28] , post discharge monitoring was provided in conjunction with heart failure specialist nurses in the patients home 1 week post discharge. In Varma et al. [29] , community pharmacists and primary care physicians provided post discharge follow-up; however, no details were provided on the frequency.
There was a significant reduction in unplanned hospital admissions demonstrated by pooling these three trials RR: 0.75 (95% CI: 0.59, 0.95)]. However, there was variation in the intensity of these three interventions, two of studies had 12-month follow-up [27, 29] and one had 6-month follow-up [28] . In addition, the Lopez and Stewart trials were rated as low risk of bias, but the Varma study showed a high risk of bias in addition to showing the greatest effect on admissions. It is important to point out though that the Varma study was published in 1999, when reporting standards were not as rigorous as they are now, and published protocols were rare. If only the data from the Lopez and Stewart studies were combined in a sensitivity analysis, a positive but nonsignificant effect was still seen (RR: 0.81, 95% CI: 0.62, 1.05). Overall, this effect must be interpreted with caution.
Of the three RCTs using hospital pharmacists, the Stewart trial suggests that costs were equitable between usual care and intervention group. The Lopez trial, however, shown that taking all costs into account, the intervention group was more cost-effective than the usual care group reducing hospital costs by 578 euros per patient. In the Varma study, the only statement relating to costs was 'the average daily cost (1996-1997) on a general medical ward is much higher than the average cost of an emergency room visit (£175.38) and £35.27 respectively) therefore by having fewer hospital admissions its costs less to treat patients in the intervention group than the control group'. The remaining trial which utilised community pharmacists and therefore was not pooled with the other three RCTs utilised computerised medication history to discuss drug use and reasons for nonadherence, which was reported to the primary care physician [30] . No reduction in unplanned admissions was demonstrated by this trial RR 3.16 (95% CI: 0.89, 11.23).
Discussion
This systematic review examined the evidence from 20 RCTs, predominantly conducted in the UK and Europe, reported between 1994 and 2010, of pharmacist-led interventions and evaluating the effects on unplanned hospital admissions. The largest proportion of these (n = 16) focused on the older population [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] and four on the older population with heart failure [27] [28] [29] [30] . There was no evidence of an effect on unplanned admissions from pharmacist-led interventions for the older population whether carried out by hospital or community pharmacists. These trials were assessed to be at a moderate risk of bias. However, in the three trials conducted by hospital pharmacists in the older population with heart failure, there was a 25% reduction in unplanned admissions and an absolute risk reduction of 19 cases per 100 [27] [28] [29] . In all three trials, hospital pharmacists provided education about heart failure prior to hospital discharge with continuing follow-up post discharge. However, the three trials were of different intensities and follow-ups. It is important to point out that one of these trials was assessed to be of a high risk of bias although this may in part be due to less rigorous reporting [29] . It is also important to acknowledge that the reducing hospital admissions or readmissions are not usually the main focus of the role of a pharmacist. Any pharmacist intervention is realistically only likely to affect hospitalisations that are related to drug therapy and in the management of complex older patients, medications may be only one of a number of problems areas resulting in the breakdown of care in the community. Previous research has shown that the most frequent benefits resulting from pharmacist reviews are the recommendation of monitoring, removing unnecessary drugs from repeat prescriptions and providing advice on compliance and the prevention of potential adverse effects [19, 20, 26] . For example, a recent RCT showed that a pharmacist-led information technology-based intervention in primary care was more effective than simple feedback in reducing the number of patients at risk of measures related to hazardous prescribing and inadequate blood-test monitoring of medicines 6 months after the intervention [31] .
Three previous reviews have been published assessing pharmacist-led interventions and focusing on primary carebased clinical pharmacy and the older population [6] [7] [8] . However, the most recent was published in 2007 [7] . Two reviews considered admissions, but none reported on unplanned or unscheduled hospital admissions. Royal et al. [6] and Holland et al. [7] assessed the effect on all-cause hospital admission. Royal et al. [6] found relatively weak evidence to indicate that pharmacist-led medication reviews in primary care were effective at reducing all-cause hospital admissions. While Holland et al. [7] concluded that pharmacist-led medication reviews did not have any effect on reducing mortality or all-cause hospital admission in older people and cannot be assumed to provide substantial clinical benefit. This review adds to these findings that pharmacist-led interventions, whether community or hospital based, do not affect unplanned hospital admissions in older people. The review by Kaboli et al. [8] focused on outcomes other than hospital admissions and concluded that the addition of clinical pharmacist services in the care of inpatients generally resulted in improved care, with no evidence of harm.
The strengths of this systematic review were the comprehensive search strategy employed without limitations which searched all relevant databases. The search strategy was supplemented by checking trial and systematic review references, searches of relevant websites and contacting authors. Where additional data were required for inclusion trials, authors were contacted. In addition, a post hoc search in Medline was made in February 2013 upon completion of the paper to ensure no new studies had been published during this time. It yielded 563 papers of which six were potentially eligible after screening titles and abstracts. However, full text revealed that none were suitable for inclusion due to non-RCT (2), protocol of a RCT (2), and having no relevant outcomes, and not from an OECD country.
The primary outcome of this review was unplanned admissions and did not take into account the effects these interventions may have had on other outcomes such as medication-related problems, adherence, quality of life and mortality which have been evaluated previously [7, 8] .
Publication bias is an important potential source of bias in systematic reviews [10] .
Although we made considerable effort to locate unpublished trials, a small number may have been omitted from the review. The identification of both positive and negative trials from our search makes it unlikely that further high-quality trials would remain unpublished.
Pharmacists have responsibility for ensuring the safe, effective and rational use of medicines [2] . Policy-makers have been encouraging pharmacists to play an increased role in improving health and reducing health inequalities [5, 19] . Patient's beliefs and views about medicines are a key influence on when, how and whether they take their medication [32] . Attempts to address medication-related problems include improving concordance and adherence, reconciliation between medical records and actual use and medication reviews in hospital, outpatient, community and home-based settings [33] . This systematic review demonstrates a lack of evidence to suggest that pharmacist-led interventions have a benefit on the reduction of unplanned hospital admissions in the older population with the possible exception of heart failure. The 25% reduction in unplanned admissions from the three published RCTs for older people with heart failure is promising; however, this requires confirmation in further high-quality evaluations.
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